More recenatly (Kul'vanovakiy et al. [9]), thers is evidence
that still further refinement of the techniques for studyiug the -
Yioelectrical activity of neural specimens ia taking place (2ee
Pig. 3). This F-shaped wet chamber consists of a thin, glass hous-
dng the sise of vhich can be adjusted to conform to individual ex-
perimental corditions and problems. Ths main feeture of such a

Fig. 3. Vet chambe: for
studying the biocelentrics
activity of neural specimnn:

" chenber 18 the freedom of recording nerve bioputentials under .
uslly notmal, in vivo conditions, Ia their eperiments, the

authors used wet chazbers with the following dimensions: 5-zm glass
* tubing 15 m long with 2-mm projections for the insertion of platinum

slectrodes. The electrodes are tightly fixed in the orificea of the

F-projections and are looped at the ends. The loops are 2 ra in dia~

meter and the distance detween electrodes is 5 mm, These simply cone
chagbers guarantee constant electrical contact with the nerve .
and may be plr2ed smong the organs and tissuss containing neural specimers.
Since damage to the specimen can be avoided through the use of wet
chabers, and since temperature and humidity integrity are assured
by the swrounding organs or tissues, the prolonged viability of neursl
structures is possible, Vhile the application of such a systeam in micro- ‘
vare research is not mentioned, it seems likely that the principle .
oould find application here if the sppropriate housing materials were '

i

E

used,

As earlier stated, relatively few definitive s vivo and
especially in vitrc anvestigations on the neural effects of EMP's
bave besn reported ty the Soviets, Kholodov [10] studied the effocts

- of UHP (1000 v/m) on neuronally ieclated seciions of the cerebrun and
mdbrain of rabbits. Exposure duration vas 2—-3 min with 20—40-min
intervals betwsen exposures. Kholodov compared his results with the
Bloslectrical activity of intact brains and found that the latent

of the reaction of a neuronally isolated cortical specimen to

27 sec, as opposed to 53 sec for an intact brain., The UHF

sct duration for the former was shorter (1-—5 min) than for
latter (15~20 min). Kholodov 414 not speculate whether these
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| sffects were of a thermal or nonthermal nature and this could mot

' be ascertuined from the irradiation paramsters descrided. However,

. the resulis of this stuly are consistent vith other, parallel in-
vestigations vhich have shown nsural excitation to be charscteristic
of the response {6 microvave-range M'g. . . .

Perhaps the best controlled and most definitive research on
-+ the effects of microvaves on specific neural functions is reflscted
& yeport by Yu. I. Kamsnskiy {11], vho studied the fuactional

ats of the frog nerve n. fechiadious, dur:: exposure to pulsed

contimous 10--12.5-cu vaves (111 mi/cmt). In this study, he

deternined the thermal paramsters of the microvave regimens
and selected an intensity of 11 mv/cm®, vhich vas sufficient
crease the temperaturs of ths asural specimen by 1°C after an
sure of 20—30 min. The effects of continuwus microvaves (12.5 cm,
/e, exposure duration 20 win) were studied in the first serics.
tests, no reliable changes in threshold sensitivity vere noted.
s > did mote, however, increased conduction rate, abbreviated

. obsolute and relative refractory phases, and altered action current

- smplitude, which be judged to be of a thermal nature,

Moat interesting vere his tests with pulsed microwvaves (10 cm,
1 msec pulse, 700 pulses/sec, exposurs duration 20—30 min). Here, a -
definite increase in neural conductiza and excitability was obssrved
snd was julged to be a result of the nonthermal (specific) effect.
His reason for this conclusion vas that at a frequeacy of 700 pulses/sec
(pulse interval 1.4 msec) there vas a sumsation of neural ahifts. The
pulsed intensity of radiation bere was 1400 times greater than the mean
dsvel of intensity during continwus irradistion. Also, at frequencies
of 100 and 200 s/sec, the pulss interval (510 msoc) vas too
great to result in sumation. ‘Finally, the 0.2°C increase obsarved

trHI
g &

tained vhen specimens were physically heated., . Thua ::t‘.n::;:‘:o-
ng .
10-ca-vave irradiation wvhich could not be observed during continsuo )
. irrediation. The results of this investigation support the widely o
held Soviet viev that pulsed microvaves are more biologically active ;
--4n the neursl sense than costinwous (nonpulsed) microvaves. C

" Cariously, there is no evidence that Kamenakiy has continued
research along these lines since 1964. However, another spproach
vhich has recently received more attention is being pursued by

. Presman [12),vith vhon Kamenskiy has collaborated in the past [8]).
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In [12] Premman studied the effects of pulsed and continuous
D2, 5=c WEVES OR the so-called exritable systam of paramecia. as
possible spproach to revealing the nonthermal mechanimms of micro-
e effects on higher neural structures. e had previously demon-
trated that paramecia, vhen exposed to a-c and d-¢ currents, ex- . .
ibited an "elsctric shock reaction® (ESR) at certain threshold doses. - .
s this study, he exposed parsmecia located in a polystyrene chanker
411ed vith & hay infusion and attached to the microvave geierator ®o
waous, 12.5-cm vaved in doses of one per second {dose duration
100 nsec). This parametor resulted in a reaction similar to the
A second series vas exposed to pulsed (200--700 pulses/sec)
O-ca vaves With 7=50 mace dirations once per second. This para-
v rovealsd that the mean pover threshold values for pulsed micio-
aves were higher than for contisuons microvave values, Ag in = °
nekiy's study with the frog nerve [11], a cumlative effect wvas -
haracte: c of the pulsed 10-ca waves, It is interesting to note
hat Presmen used the same ®» Ksmenakiy used in lLis experi- .

o 8ince both these researchers collaborated in the design of
uipment for these

neurally orievted studies, it is entirely possible
bat they both used the seme hardvery, . '

P

Presaan's third and fourth series of investigation vers designed
5 asosrtain vhether microvaves sensitised s to electrical cur-
ntse It vas found that adcrovaves decressed the threshold voltege
cossury to evcke un ESR. The author interpreted these results, to-

.
: . . . L
.~ P R RO TUTLIE RGN TP B I N T PP
H . []
. . . .
.. .- .
8

Alvether vith the fact that heating did not exceed 1.5°C 4in any series,

o indicate the nonthermsl effect of microwaves, His arguments against -
therml explanation of the mechanism of the observed microwave effects
ere as follovss 1) excitation threshold values for ard con=

xlcrovaves were a function of the quadratic root of their dose
uration or series; and 2) virtually no relationship between pulsed-
hreshold power anmd vas noted. Presman was satisfied that
ais approach and the data odtained in this study would help to clarify -
mschanisn of microvare

b effects on the "excitable" (noural) struc-
ures of higher animals. ' :

3
P

{
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Presman's results have closely paralleled Xemenskiy's, despite
difference in the specimens studied. Since Presman and Kamenskiy
(or st11) are) collaborators, the sume -approaches to the problems
& Deural reacticns to microvaves have been employed. all of the
tulles treated in this section, in Presman's and Kamenskiy's,
Arongly favor the that the mechanism of microwuve sffects on
ural or neural-like structures is nonthermal, based on experiments
a8 vhich threshold or nonthermal field intensities were investigated.

» Vhile one might expect that the interesting results of thoe studiss
°m ::? would lesd to an increased research effort in this area,

e o 0o recent tible increase in the nuber of articles
oted to this problem. pereer

12
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4 In vivo peurul effects

-~ A large complemont of the Soviet research community devoted .
to the neural effects of microvave-rangs EMF's has used a more in-
diract approach to the problem. Here, the function or behavior of
the whole organism or parts of it are stulied during the action of
various EMF irradiation paramsters (local or whole-body irrsdiation).
External, or functional patterns are deduced to reflect internal
noural effects in the adsence of any investigation of the neural
structure itself, As regards the prodblea of classifying microvave
nsural effects us thermal or nonthermul, the results of many invest-
igations ure doubtful in this respect inagmuch as the biophysical,
chemical, and sven thermal paramsters of allegsd nonthermal effects
have pot beon invostigated. Another drawback of this indirect
npproach is the difficulty (if not abeolute impossidility) of deter-
. Hning jtust hov such microvave energy has reached’the neural struc-
tures in question, This problem of comparative, in vivo/in vitro
tissue do is of open concern to many Soviet researchers,
Presman [5,6,13) in particular. The general consensus is that com-
prebonsive research nn this problem is adsolutely necessary if the
specific mechanisms of EMF effects are to be revealed, Nonetheless,
the majority of Soviet researchers in this field feel that the be-
havioral and functional spproach to studying Br effects is a valid
one in that it is possible to obsorve trends in biological responses
to EMF's vhich clearly differ from responses to othsr, better under-
stood stimuli, Therefore, this sactioa will reviev soms of the more
recent works supporting this belief,

As far tack as 1960, Prerman [13] concluded that "Experimental
stulies in the Soviet Union and abroad have clearly indicated that,
along vith a thermal effect on the living organisa, microvaves also
have a so-called 'specific' effect” (a term that Presman coined him-
self). Functional shifts have been obsstved in the nervous and
cardiovascular g::uc, as well as hematological and metabolic changes
resulting from chronic exposure to 10—12-ca UHF at nonthermal in-
tensities of 5—10 mi/caf. He was cautious enough to § iat out that,

" "The effective (medical) spplication of a specific effect of micro-
vavas is poasidls only if the mechanisms of such an effect have been
fully established," . . , .

It should be meationed here that many different microwvave
research-oriented groups are active in this approach to revealing
ths behavioral and functional mechanisas of EMF effects. In fact,
it is safe to ssy that ygienists (both military and civilian),

13
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wwaiclogists, blologists, and theoruticians have at one time
. 4 in, or still are pur microvave research on animals
ind their various systems, - R Lo o

J : .
© Gozodetakaya [14], represeating the active Ukxrainian
roup at the Bo lets Institute of Physiology, studied the
{ .magt SHF (3 cm, pulse frequency 577 cps, power deasity
Ded v/ca) on the bebavior of mice (and their progeny) situsted
5 cu £rem the generator. To “eliminate™ thermal affects; con~
animals were convection-heated in aa iacubator for 15 mia
a temperature of 52°C had been attained. This teaperature
ACTOAS microveve-induced texperature increase,
Jorodstsknya found that SHF had a more pronounced effect than
on the genital organs, and therefore on the progeny of ir-
iated animals, and that femals animals wvere mors seasitive
> SHP in this respect. Changes induced by convectional hest in -
matopoistic organs vere less severe than SHP-induced changos.
P intevest Telative to the neural offects of the wave range vas
he faot that the experimeatal animals exhidited mors promounced
onditioned-reflex reactions in the form of negative responses
2 the controls. Thess resctions were found to be moat pro-
aounced immediately after the termionsiion of irradiation. While
poavection-heated animals began to recover one day after exposure,
WSiF-1rradiated animals did not bLegin to recover until the third
jaor fourth day after exposure; recovery vas virtually complete for
gRcontrol anizmls on the second day, while for SHP-irradiated snimals,
t took five days. Gorodetskays therefore concluded that SHF has
- mmeo:h. otfoct than eom:ttien hut;r z ruu%;oéo{;]sna
bt .mt W’c’ offe M’, SRAR 29 »
ond alse support the widespread Soviet opinion that pulsed micro-
Ve cally, Notwithstanding the fact that
this ves & "hot* (0.4 v/, wperiment, neural and other responses

1,

5
i
:

Another representative of this group, Faytel'berg-Blank [15]
1avestizated the effects of 12.6-ca WHP (70 v for 10 min) on gastro- .
intestinal glucose abeorption processes of isolated preparations -
from dogs and rabbits, Unfortunatoly he did not describe the redia-
tion paransters of the experiment in much detail. For instance, it
could not be ascertained how fer the preparations were located froam .
the generator, vhat the pover density of the field around
the preparations vas, vhother pulsed or nonpulsed microvaves wers
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used, vhat the thermal parameters of the specimens studied vere,
- and therefore, vhether the effects objesrved were of a thermal or
_. pogtbermal na‘ure. ... et et e

. . -
Foovm oo Tt e L LT 0T Ll e

Innervated, partially denervated, and complstely denervated
specimens were invostigated and the results vere processed using s
method of variation statistics. PFaytel'berg-Blank found that a
ten-minute exposure of the epigastral region to a 70-v, 12.6-cm
veve field did not alter intestinal glucose absorption inm a dog
vhose solar plexus had been eliminated. He concluded that sym-
pathstic nerves, the solar plexus in particular, participate in
the transmission of a microwave effect from the epigastral region -
<0 the intestinal region. The vagosympathetic system also plays -
a substantial role in this respect. When vagosyspatbetic nerves

_are blocked at neck level, the stimulating effect of WF om re= -
- -sorption is iwpeded. When spinal ganglia are blocked, UHF slightly
_ elevates the level of resorption but to & lesser degree than vhen
the ganglia are intact. The role of skin receptors was also dea~

. . onstrated, Thus, not only peripheral neural elements of the GI

tract, but also central nervous mschanisns were observed to de
responsible Jor transmitting UHF effects. Hawever, since soms
shifts in resorption were observed even in donoru‘d specimens,
Faytel'berg-Blank proposed that humoral factors are also affected
by UHF. In an attempt to furthor reveal UHF mechanisas, he studied
coll rospiration in the specimens and found that UHF caused a shift
in this function also., He speculated that this might be a reflex - .
response (P ucting or controlling neural elemsats) or evidence

of a direct UHP effect on the cells. .

The results of Feytel'berg-Blank's study are difficult to
interpret. However, the stimalatory effect of UHF on neural struc-
tures again vus cbserved. This agrees with the results of most
otker investigastions so oriented, , .

Another resorption study vas conducted by Yatsenko (16], vho
- Snvestigated the effects of a 20-min exposure to 12;6~cm waves ({0 v,
. 0o values for pover flux density or the distance of the preperation
froa the 5-=b-cn slectrodes of the "Luch" generstor given) oa the

o of radicactive phusphorus by knee-joint syncvial mem-
branes. This function was studied in normal ‘animals and those with
severed spinal cords. Absorption activity vas found to increase
during the uction of UHF., Spinal cord elimination alons retarded
. absorption, vhile under the effects of UHF, synovial absorption
increased, Yatsenko felt that this was avidence of a direct UF
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effect on synovial receptors and cited Fayteltberg-Blank [157 . .
relative to the effects of UHF on peripheral nerves. Agalnm, - —
gince no thermal parsmeters vere mentioned in this study, it is : i
unsafe Lo speculute that this study demonstrated the specific .. . . . |
effect of UHF on central or peripheral neural tung;;on. " e )

vt " an g TR
Semency [17] better described the radiation parsimeters ia
sn Snvestigation of the thermodynamics of innervated and denervated
‘Pemoral tissues in rabbits exposed to 12.6-ca vaves (150300 mw/card,
presumubly a moapulsed field, 10-min exposure duratlioa, 3-, 4-, and -
-24=hr intervels betveen exposures). This vas clearly a bot exper-
‘iment and the author described in detuil typical teapersture-increase
valuas for feaorul tissue during irradistion. Scmenov attributed .
" & tharmal cumilation or summstion effect to neuroreflsctory processes
~ 4n the contral nervous system, To test this lvpnthgs_hu?._ anesthetised
aninils and incressed pover deasity from 150 t0™300 sw/cw* and found
that the cumilative thermal effect wvas almost entirely precluded., He
vas therefore sutiafied that sufficiently intense UHF fields are
soverful stimulants vhich disrupt normml CNS adaptive procssses, par-
ticularly tissus thermoregulation. Regre®isbly, he did not
the offects of UHFF with the effects of convection or local heating
40 udd further strength to his conclusions. Hovever, his study muat
b‘:neonsucrod us further evidence that microvave EMF's affect CNS
ctions. .

Using unother approach to the prodlea of revesling microvave
. neursl mectanisas, Pukhov (18] investiguted the effects of neuro-
tropic drugs (caffeipns and medinal) on the viability of mice exposed
to thermal (50 m¢/car), nonpulsed, 12.6-cm vaves from a Luch-58 ther-
speutic gensrator. Exposurs durations were 10 and 15 min, or the ~ L e
tine necessury to kill the animals. Animals were irrsdiated 10 min, . :
60 min, and 24 hr following medinal injection aad 60 min after caf-
feine injection. Pukhov found that caffeine, oving to its CNS stim-
offect, statistically decreased the viadility of irradiated
s or, depending on the drse administered, resulted in no change.
administered 24 hr prior to irradiation increased the visbility
of animals owing to its hypothermic effect. He could only conclude
from this stuly that the mechanisa of microwave effects on CNS func-
tions requires further study. Here, the thermal (SO mv/caf) doses
sed vould render difficult agqy concrete conclusion as to the speci-:
£ic effects of microvaves, especially nonpulsed waves, which Kamenskiy ([11]
and Presmun [5,6] feel are basically thermal in their effect, However,
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this study would indicate that nonpulsed, thermal, 12.6-cm vaves
did hav) an excitatory effect on the CNS, - - R

Y L “u‘.m“h by Malakbov [19], the effects of

Nt W .
. -

- In an iotere
weak, nonthermal doses of UHF on ccnditioned reflexss vere con-

- gidered from the standpoint that such fields might play an im-
portant role in actually triggering reflexss. Malakhov feels that
this protlam is germane to the hypothesis that UHF, or microwave

- range fields, might act as ™inf rmation carriers® of extrusensory
sigoals (see the conclusions and discussion of this report).

- - To test this hypothesis, he attespted to develop conditioned :
reflexes to.a 13,7-ca UHP £ie1d (20 mv/ca?) in mice-by using 20-sec .
conditioned (W) signals and 15-sec unconditioned signals. Re= -
. sponses were-recorded oscillographically. The results of this ex-
-- periment were dissppolidting in that reflexes to UHF, vhile deson-
strable, were characterised by a long period of developmect, inste~
- bility, a short residual effect, and rapid extinction, This same
T trend vag cbserved bty Kholodov [10], vhose studies vill be discussed
in more detail in the next section. Malakhov could only conclude
g that vesk UHF fields are of little "informative" (stimulatory) vaiue
- td sesmulien CNS patterns. He did stute, howevar, that his resulty,
A vhile dissppointing, deserved further investigution and that various
%0 animads (species not given) can serve as indicators (sensors) of
microvave-range EMP's,

In a very recent article, Loshak [20] descrided an interesting
- experiment_conducted to reveal the combired effects of pulsed UHF
(1.0 mu/ca?, other rediation parameters not given) and lonising radi-
ation (180-kv x-rays, 900-r vhole-body dose) on white rats. Here,
three groups of males vere irrudisted dally (2-hr exposwre durstion)
30 timea. The first grouwp wes locally (head only) irradisted vhile-
the second growp was vivle-body-irradiated by UHF., The third group
vas used as a control and vas irradiated by xz-rays only.

: The results of this study did pot shov preliminary microwave
irrediation to have any protective effect, although Loshsk, on the
basis of other studies (mot cited) had felt it might)., He found, in
fact, that pre~WHF exposure actually resulted in a more rapid mortal-
ity of x-ray-irrediated snimals in both groups. The survival time

. for locally, pre-UHF irradiuted unimals vas 17.1 + 3.2 deys, for
Vhole-body-irreliated animals, 11.9 ¢ 1.0 days, and for coantrol animals,
20.8 + 2,1 days. Thus, decreased resistance to x-rays wes the end

product of ponchermal UHF exposure. Loshak attributed these results .

-
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to the effects ot UHP on hematopoistic structures, Mch u tu
stub would imply that theso organs are sven more sensitive wwaﬁ
decimeter-vave rediation than neural structures ia viev of the ¥
saximm sortality of vhole-body-irradiated animals, Loshak xtated
that the lifespuns of these animsls indicated hnwpohue .h;ju-,
(especially ct the bone marrov). A

Unfortunately, loshak's article nppnnd in sbstract ton,
naking it difficult tor the reader to draw any concrete eonelu&oa,g,
edpecially those relative to the rols of the CKS in this lt.w " Honte .
ever, the fact that the growp of locally (hewd oaly) irradietod st~
mals also shoved decreased reaistance to x-rays is of interest,i:If,
as loshak stated, ho-topohuc injury vas respoasidblo for decreased
resistance to x-rays, an explanation i3 needed £6r the decressed - -
(though not dr-tuuny 80, 0.8ep 17:1 ¢ 1.2 days va. 20.8 $ 2,1
days) resistance of cerebrally irradiated animals, Above all, th.
fact that such a demonstrable biological gaffect vas odbserved in .~ -
Tesponse to such & low-intensity (1 mv/ca®) decimster-vave £ie1d = -.
is tho attluvuylun since it would indicate a” " -
"gnecific® (noathermal) bLiciogical effect of BHP, Loshsk's cbisrve~ Q

MR T

tions also support the gnurn.l Soviet opinion thut pulsed ﬂwnu
are highly active {n the biologiocal sense.
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. 5. Neural effects cf low-frequency electromagnetic and
S . megnetic rields - o T

: This section vill driefly reviev scme recent research on the
. . neural effects of ‘sub-microvave-rsnge BMF's end constant magoetic .
- .. .'fields, This area of research is cf interest (with respect to mag-
. petic fields in particulsr) bacause Kholodov [26,27], vho {s nov
sctive i{n magnetic field research, is also actively interested in
research on the neural effects of microvave-range EMP's [10],

While resesrch on low-frequency or very-lov-frequency EMP's -
has been rather limited in scope and quantity, it i{s epparent from
tha rescarch of Petrov [21] (1929), vho initiated comprehensive re-
search in this ares, that Soviet interest {n the biological effects
of EMP's has had a long history., Petrovialast article in 1952 [22)
demonstrated a vesk and unstadble reflex resction to a lov-frequency
ENF. Since then, Sazonova's research [23,24] azd Plekhanov's recent
study [25] are the only indication of & continistion of Petrovis
approach, T

Sszonova [23) investigated the neursl function of rebdits exe

posed to a 50-cps EMF generated by tuwo 10-M transformers through

x 500-ua electrodes separated by 1200 um, Each transformer

rated a 6§5,000-v field, The n. tibialie nerve (in vivo) ves
tudied using an orgegraphic setup vhich made it possibdle to load
the pavs of the aiimals with weights, Training prior to experimesta~ ]
tion required one menth. The field intensity ranged from 300«1000 v/cm,
He found that these EMF parameters had a deleterious sffect on motor .
function end that the effect of a 1000-v/cm ficld was more readily
spparent than the effect of a 300=-k00-v/ca tield,

In ber second study {24], Sazonova contimued to investigates - - -
the role played Ly the central nervous system in the wotor activity
of rabtdits exposed to the smme 50-cps ENP. Here,she used stimlatory
anl inhititory neurotropic drugs- (dibasol, novocain, sminaziie) as a
m2thod of bvetter revealing the neural mechanisms of the EMP effect,
Anizals were irrsdiated one hr daily, six days per week, for a womth, -~
In this study, a 100,000-v/o field vas used, She found that inhibiti .
of the reticular formation (tests with aminazine), or elimination off{
other neural pathwvays (novocain) delayed EMF-induced fatigue, Bne '
hancement (didasol) of CNS activity resulted in more rapid fatigue,
Sazonova thus felt thatshe had demonstroted sn EMP effect on the cen-
tral nervous systam relative to its participation in motor functions,
It Ss interesting that the results of this study are similar to-the
results of some microvave experiménts which indicate a stimulatory
effect of EMP's on neural structures, Perhape, as Osipov suggested
in 1965 [32], a vide wave range of EMP's have a more or iess analogous
effect on the central nervous system,

19 .
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More recently, Plekhenov [25] studied the effects of a lowe

& plethysmograghic technique which he felt was the best approach bes

He found that vhen field voltage vas varied from 220-=330 mv/m . . .-
(110 ov/n varistion), a conditioned reflex was noted vhich vas - - idit
that the nmechanisns of the recepticn of this EMF range are to be

found in the retina and skin receptors, the latter being apecific

EMF receptors, He concluded, however, that any living cells,
especially neural cells of the brain, are EMP receptors, and that

the mechanism of intracellular reception might be physical and chemi-
cal in nature, The possidility that EMP effects might be analogous

to veak doses of founlzing redistion ves not discounted, This would _ -
render the lov-frequency EMF a aonspecific stimilus,

3 . - As 10 the effects of magnetic fields on "excituble™ and peural

- structures, 1t is notevorthy that Yu, A. Kholodov [26,27], the leading
Soviet spokesaan for this research effort, hss also bedn active in re-
search on the neural effects of microvave-range RM*'s [10]. In many
respects, the spproaches t0 investigating the nsural wechanisms of
magnetic field effects have paralleled the aches to the microwvave
provlem. Xogan et al, [28), like Presman (7], studied the behavior of
parsmecia in capillary tubes exposed to magnetic fields of 160--1£0 oce,
fwenty to thirty time moasurements vere mede before, 6080 .uring,
and 20=-30 after the asction of the magnetic fields, It was fZzapd that’
paramecia preferred the south pole of a magnet, that nagnetic effects
vers gradusl, and that Lhnse effects persisted after removal of the

. f1¢ld, The effect of a magnetic field was found to be a function of

.. its strength, Kogan did not use Presman's approach to this problea,

7 .o that be di4 not study the soO-called electric shock reasction, He

.. concluded that the magnetin effects he Observed might be extracellu-

.. .la® in ssture (physical and chemical changes in the medium), end that

Ji» this extracellular phencmenon might serve to explain the effects of

% Eagnetism on the functional state of organs smd tissues, ICogan did .

. 20t discount the poesibility that wagnstic fieids might directly

& - effect intracellulsr processes although he did not speculate oa the

. D0esible mechanisms of such effects, Kogan d1d not cite Presman's
Fro stuly [‘Il-por did he dfscuss the so-called excitable system of -
':. parmecia. il : .

’ Kolodov [26] reviewed the results of some of his investigations
on fish, frogs, and rabbits exposed to intermittent (50-cps) magnetic
fields ranging in intensity from 1 to 1000 ce (average, 100-=300 oe).
Re found that pigeons 414 not develop conditicaied reflexes to magnetic
flelds, vnile £1sh 414, He felt that reflexes were affected by mag-
. betlc fields via the dtencephalon or diencephalic structures (he also
33 Wentioned these structures sas ENPF receptors in his microvave research

T intect animals and 63% of the time in neuronslly isola*~d samples. .
¢ '~ His spprodch here vas anslogous to his 1964 microwave study and, inter-
¥ ::‘1081.7 enough, the results vere similar in shoving a megnetic field
%0 be a direct stimmulus .of the central nervous system. However, the

frequency (735-ke) EMP on buman conditioned reflexes to cold, using " -
cause of its sensitivity, A porteble diathermy generator wes used, - . -

go « ENO's shoved magnetic reactions by rabdit brains 53% of the time -
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effects ot other ta.ctors m thu etud: should not bve duemtcd
since, as Kholodov pointed out, nr!.abie (so ~pa) magnetic fields
- wore used,

27 - In the same investigation, Kholodov studied the impulse
.7 astivity of 23 1solated .cortical neurcns, ' He could not detect any
- change in thef¥ background astivity éuring exposure to his megnetic
field parsmeters, btut dil note that their sensitivity to light in-
creased during, and one pin after the action of the field, While

Xholodov was cautious in pointing out that the mumber of peurons
studied vas insufficient t0 drav any concrets conclusions, he men-
tioned that a morphological analysis of glial cells showed them to
be highly senaftive to magnetic £ields (he Aid not specify whether -
bhe meant constant or varisble fields), He suggested that the bio-
physical mechanisms of magnetic field effects on neural structures
might vell be elucidated by tracing the chemical activity of glial
cells, the trophic function of vhich is generally accepted. .
lmolodov plans further research on this epproach, :

Tt will be interesting to see how (12 at all) Kholodov's
nagnetic field research affects trends in future microwave research
in viev of his active interest in the latter,

Recertly, Chizhenkovs (29], as 1f in response to Kholodov's
research, investigated the FEG activity of rabbits with chronically
implanted electrodes (scensorimotor area of the right ceredral hemis-
phere) exposed to 300-os constant magnetic fields, Activily before,
during, and after the action of the field was monitorsed using six
eanimals in 604 tests. He observed a definite stimmlatory effect of
ths magnetic field and shoved that {t vas not a function of switching
the field on or off. He would not speculate on vhich CNS structure ..
vas a specific receptor of EMIF's, end suggested that his future
efforts would be dsvoted to comparing magnetic effects vith those of
vesk doses of fonizing radiation., This might imply that Chizhenkova

- 4¢ unsure vhether magnetic fields have a cpecific effect on neural
structures,

.. In his most recent communique, Kholodov [27] discussed the

biological effects of magnetic fields in terme of space biology and

. medicins., EHe proposed the use of magnetic, antiradistion fields for
spacecraft and also stated that experiments have shown that fluctua-
tions in magnetic field intensity shorten the lifespan of rats, in-
cresse the hunan flicker-fusion threshold, and affect the orienta-
tion of unicellular algee, higher plants, insects, mollusks, fish,
and dirds, Such fluctuations also afféct the general health of people,
a8 reflected in hospital statistics, Increased magnetic field in-
tensity stimulates motor activity, decreases sensitivity to some :
stimli, and affects EEG activity, Conditioned reflexes to a magnetic
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f£1eld can be developed in fish, tut not in pigeons or ratbits
(despite the alleged effects of magnetic fields on the furmer).
Human visual images are altered during exposure to a magnetic
£ield under the influence of hypnosis (see ths discussion at the
end of this report) and mescaline, Knolodov restated his belfef
thst megnetic fields primarily affect glial cells, as reflected
{n ipdividual neuron activity (perhaps he vas referring to his
1965 research, although he did zot cite any publications in this
peper). He also stated that "magneticelly treated water has a
viological effect,” although he did not discuss the mechanisus
or pathvays of this alleged phencmencn,

In general, it would appear from Kholodovis statements and
research that the effects of low-frequency EMP's and magnetic
£4elds (especially intermittent ones) have a direct effect onm neural
structures, aad that these effeocts are similsr to those produced by .
gonthermal nicrovave intensities, It will be extremely interesting

are specific EMP and MP receptors will be borne out by future Soviet
3 __r‘.'lfCho .
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a
3
-~

-

.‘-.
1%

-

(3
(i
v
“
<
4
]
. &
o'
o
.
A

-

P
LR

o iy

R W

‘._-I X . ’:' ,,”&

) N



CE e e ——— —— geer s !

" 6, cuuen, therspeutic, and hygtenie aspects

~ Boviet concern for the sctusl effect of dcmm ﬂhﬂ Bo's
on lumans has been no less inteanse than their theoretical interest
4n these fields, Moreover, msrmnunuhwthstmmgm
years (especially 1966) bave yielded a drsmatic increase in the
volume Of materisl devoted to the therspeutic, clinical, amd ..:
especially hygienic aspects of human exposure to nicmm: and
even magnetic and electric fields. Presently, the chief spokesman
for hygiens 1s Yu. A. Osipov [32).

Othervise, smaller and sore isolated groups are sporununy
active {n this field, Atanelishvili [30), for example, compared :.
the effects of various physiotherapeutic procedures on human wotor
Tresponse to light, The effects of URF, diathermy, and pine baths
were investigated, No UHP radiation parameters vere descrihed, A
total of T1 patients with gastric disorders was examined, Ll of
vhoa received UHP theiapy, Atanelishvili found that URF stizulated -

__motor reactions in the majority of cases, However, he obtainel” .
basically the ssme regults from diatheruy and bath procedures, ~
rendering any conclusions as to the specific effects of UHF on the ...
central nervous system doudtful, He concluded that all three pro- C
cedures altered the functional state of the CNS, vhich nndoubteuy
plays a pranimt. r0le in the positive effects or therapy.

As regards the hygienic aspects of humen exposure to micro-
wvaves, it should be noted that this arek’ of concern is of interest
to both the military and civilian coemunities, The Soviet military
medical service has played an active role in assessing hygiealc
conditions and the state of vorkers expdsed to radar fields, .
Kapitanenko [31] conducted a clinical investigation on 100 young
militeary personnel (66 cxnrued to radar, 34 coatrol), UHP fields
wvere generated by dscireter end centimeter aenoratou. He did not
provide sny dosimetry data,

Kapitanenko concluded that the nervous system vas the first ‘ .
systen to react to UHF, end that the severity of neurological dis-

. orders vas a function of field intensity and duration of exposure,
Astbenia vas a prominsnt peuroclogical symptomn of the deleterious
‘effect of UHP, Cardiovascular disorders, also observed, were not:
sharply pronounced and wvere Jjudged to b3 rcversidble, No specific
therepy for UHP symptoms is known, although positive results have

been obtained from: 1) intravenous injection of a LO% glucose,
5% ascorbic acid solution (dose and frequency of administration
not given); 2) a strychnine and securinine solution (dose and sd-
ministration details not given); 3) ginseng (no details given);
and ) 0,005 g of dibasol three times per day.

P




In bhis boock revieving hygienic prohleas of human exposure
alcrovave-range EMPts, Osipav (1965) (32] considared data from .
far back as 1933 relstive to the effects of microvave-range RNF's
the huven pervous system spd other systems, Among the many buman
CRS symptoms of microvaves connistently reported by Soviet cbservers
are: loss of memory, migraine healaches, insoemia, dizziness, irri-
tability, dermogrsphism, end loss of sppetite, Autoncaic disorders
have been charscterized by changes in cardiec, hepatic, and gestro-
intestinael function., As Osipov eees it, mitonomic dystomiz is a
coumon symptom of exposure to microwaves, Eu concluded that the
post common And persisteat neural symptoms of microvaves are neur-
ssthenie and autonouic (primarily vegotonic) dystonia. These
cycptoms are also observed as a result of exposure to the coumbined -
offects of nicrovaves and x-rays. Most uicrovave-induced shifts
‘sve reversible, €.3., pathologicnl damage to neural structures is
‘usually insignificant, sccording to Osipov. Rerely, microwaves caa .
‘esuse ballucinations, syncope, and sdynamis (the diencephalic .
s, -~ Osipov feels that the effects of EMP's ars gualitatively
4dentical vithiu a vide spectrun (from long to ultrashort vaves,

200 ke to 30,000 ke), His opinion 4s well borne cut by the articles
ipevieved in this repart, end although he does not discuss prodlems of

F gxposure tO purely ufouc and electric-fields, 1t should be zoted
that Vyslov et ol.([38] mention many symptoms charecteristic of micro-
‘vave effects (headaches, tremors, elevated pain sensitivity, dermog-

§ seghisn) in workers exposed to constant maguetic fields (150--1500 c2).
Asanova ([39] reported charscteristic microvave syasptcus (dermogrsphisa,
- cardiovascular shifts, trumors, hyperhydrosis, beedache, fatigue,
asthenia, drovsinecs) in workers exposed to electric fields

1 {115-~125 u ewp) 1n 400=—-500-kv hydroelectric stations.

@ )

Osipov also notes reports of reduced sexual potancy and bald- .
FI8ss induced by microvave-range BMP's. He feels that the latter
®ight be attrituted to the neurasthenic syndrome, although he states

b $38t & “peychologicel factor* should mot be discounted,

: It should e mentioned that Osipov, unilke Presazan, Kholodav,
} Y, sod others, is inclined to regard the lov-intensity
 82fects of microvaves as “microthermsl™ effects rether than non-

i thermal effects, .

e 8ince Osipov's coaprehensive review, there has beea a virtuel
¥ “hn of articles from the Institute of Iadustrial Hyglene and
._-“mltiﬂul Diseases devoted to the hygienic sspects of meter-toe
;._-u:““hr-rw fields. Here the military effort sbould not be bee-
ya1ttled, Smurova et al, [33] investigated medical persormel working
s 12““"'12 iotherapy generstors (1.6 to 2450 me, A equals 184 m to
UG« Cm). He found that vorking conditions around these sources
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axceeded permissible exposure limits, e.g., 20 v/a Or 10 wy/cn?® by

as wuch a2 tvo orders of magaituds (1701000 av/c32). Here again

the characteristic EXP syndrawns were noted (hesdache, mtﬁmt;’
inscunis, chest /pain, dermogrmpbisa, acrocysmosis, hand tremor, etc,).
Ispairoent of light sensitivity and dark sdeptation were Judged to
veflect increased CKS sensitivity., The characteristic cardgee

symptoms vere also noted, Smurova concluded that the widy weye renge
cf fields studied vere deleterious to human health, an obseryetion
vhich agrees vith the findings of Qsipov {32]. R

Drogichina et al, (1966) (34] concentrated on the mtonomic and
card{ovascular disorders of personnel exposed to miCIOVEve-range fields
up to a "fev mv/cue" 1a intensity. Along with the faulliar asthenic
syndrome, this group found that sutonocmic cardiac disorders veie the
most persistent characteristic of exposure to microvaves, .They yls0
attrituted diencephalic disturbances (interesting in view of’the theo-
- petical material discussed in this report) and coronary spasss to

microvaves, A

Fukalova [35]) sought to establish permissible linits for per-
sonnel exposed to shortveve (6—1450 v/m) and ultresbort-vaw @
(4=220 v/a) scurces, She concluded that all observed CiS qu-
cosed by these EMF's vere aggravated by inefficient vork.restie
Fatigability wvas the most prominent of the familiar CIS symp
obgerved,

e
a
L}

To establish exposure norms, Fukalove exposed animals ¢o0 ke,
88-, and 63,7-nc fields (5000 v/m) and found that anicals in the
ultrashort-vave range vere killed vithin 5 min, vhile 1 hr aad 40 min
vas required for dsath in the shortvave field, She found the pone -
thermal thresbold intensity (no increase in boly temperature) for
ultreshort vaves vas 150 v/m end for short vaves, 2250 v/a, Chrondc
(dursticn not specified) exposure t0 these intensities caused s dea-
crease in medulls oblongsta cholinestersse activity more rspidly &uring

40 ultrashort vaves then during exposure to short vaves.

Brain biopotentisls vere depressed. An ultrashort-vave intewsity of
10 v/m and a shortwvave intensity of 50 v/m were found to be "threshold
irritants,” As in lobanova's study (7], an ultrashort-vave intensity
of 150 v/a vas sufficient to casuse thickening of neural fibers, pTO-
toplasnic swelling and vacuclization in the thalemo-hypothalsaic ared
and medulla oblongata, and local karyocytolysis of individual neuronse.
Shriveling of occasicnal cortical pyramid cells and neuron vacuoles
vas also noted. On the basis of these datas, peraissible bumen ex-
posure intensities (duration of exposure not given) were set at 5 v/o
for ultrashort-vave fields and 20 v/am for shortwvave fields.
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The Soviet military mcdical service regards the peursl and
other effects of microwvave-range EMF's no less seriously than the
civilian commnity., Professor I. R. Petrov [36], a Major Gensral :
in the medical service and memder of the Academy of Medical Sciences
USSR, concurs vith the findings of the civilian commnity in that & -
microwvave-field intensity grester thaa 10 uvw/cx? comstitutes s thersal ;
hazard, and that microvave-rangs EMF's directly affect the huzan CNS.

Panov [37] 4n & recent articla not only agrees that microvave-
range EMV's directly affect human neural processes, byt classifies
these effects into three familiar syaptoms: 1) the neurastheaic syn-
drooe (reversitle), mmbulatory treatment indicated; 2) sutonomic
vagotonic dystonia (occasionally stedle and irreversible), bed rest
indicated; and 3) the diencephalic syndrome (visceral dysfunction,
hypersomnia, hypokinesis, latent or overt hyjothalmo-hypophoseal-
sdrenal depression, depressed sexual and food reflexes), Diencephalic
chenges are not alvays reversidle and bed rest is indicated.

Thus, this section veflects the unanimity of the Soviet
civilisn and military commnities, vhich feel that microvave-range
Ber's (above 10 mw/ca) copstitut? an occupational hasard and that
these fields affect the bumsn central nervous system. Some of the
clinical cbservations discussed in this section would tend to support
the findings of such researchers as Presuan, Kholodov, Kmmenskiy, and
others, vho feel that microwvaves exert a specific or nonthermal effect
on peural structures.

Discussion

Frou the foregoing material, little doudt can remain that the - (
najority of the extensive Soviet cocamunity concerned with the dio- A -
logicel effects of EMF's (and MP's) ere of the opinion that these -~ -

fields, especially in the microvave range, directly affest neursl '
structures and that asursl structures (especially the CNS) are the

2W0et sensitive to nicrovsve-range B(Flg, CNS effects have been ob-

served as a result of exposure to both nomthermal and thermal ine ‘
tensities of pulsed and nonpulsed microvaves. The research of the -
nilitary end civilian cozmunities has been largely parallsl, There y
1s sowme recent evidence that purely magnetic and electric fields ..
can be included as microvave-like CNS stimuld, .

At the present time, Soviet opinion holds that EMP's: 1) affect
the structurs and chemicel reactivity of neural cells (Pressman :
{5,6,8), Xholodov {10,26,27], Kamenskiy {11], Tolgskaya (4],

Livahits [1,2]), erd Lodenova (7] and others; 2) that they may also
affect the molecular structure of neural structures by virtue of .
rescnant or other ebsorption (Presman [5,6]; end 3) that the offects
of RMF's are qualitatively analegous for a wide frequency range



e .

(100=30,000 kc) and that nonthermal effects may, in fact, be of & .( .

"aicrothermal™ nature in the edsence of wors concrete evidence to
the contrary (Csiprov [32] and Presman (6]).

The relstionship betveen Osipov (32] end Presmaa (6] should
be mentioned since there 1s s slight disagreement betwveen the two
relative to the pomthermal effects of microvaves, Oaipoy, vhile ad.
mitting there is evidence that microvaves have a biological, snd

especially @ neural uffect at £ield intensities which 4o not produce

Derceptidle thermoiynamic charges, fesls that it s experimentally

dapdssidble to demonstrate & specific, e.g., nonthermal, microvave -~

effect by comparing that alleged effect with a thermoejuivalent cone
trol, He reasons that since biological objects are electrically
beterogeneous and since microvave-range BMF's have a known selective -
thermal effect on varicus tissues and orgsns, a difference bétweea a
microvave effect and s neutral Leat effect is not necessarily due to
an unknown extrathermal factor, Wut might vell be a function of aa
uneven distritution of heat in the organisa vhich could exert its owa
peculiar effect. The specific ection of & microvave EMP, in Osipov's
viev, should only be understocd as a demonstradle transfer of EWP
energy into nonthermal energy, He therefore feels that the many .
allsged "nonthermal” microvave effects accepted by Presman may vell
s “mlerothermal” effects in the adbsence of conclusive experimenteld
exidence to the contrarcy. :

' Presnsn, on the other hand, is more inclined to delieve that
12 a microvave EMPF does not result {n any perceptidle temperature
shifts in an organica, then any changs in its behavior, function,
or structure can be attrituted to the nonthermal mechanism of the.
EMF, even if it is experimentally impossidle to dé¢monstrate that
thermogenic and nonthermogenic ENF intensities cach give rise to°
different reactions. In short, Presuan feels that there is emple
evidence of the noathermal effects of microvave-range BMPs by virtue
of sn ebsolute temperature criterion vhile Osipov feels thst, viils
northernal effects are entirely possidle, they have not as yet deen
a8 vell substantiated physiologically as thermal effects.

Par from sbating, Soviet research efforts in this area shov
every indication of continuing at their present pace or evea in-
tensifying, as reflected in ths recent large reviev articles,
chiefly by Presusn and Osipov. Presman's last comprehensive reviev,
like Osipov’s, vas published {n the last half of 1955, At the time
of that writing, he estimated that spproximately 1000 works had been
Published on the bdiological and medical aspects of microvave-range
E(’'s, That reviev, unlike his previocus ones, concentrated heavily
on the possible mechanisms of RMF biological effects. Mast of tbe
Tecent articles discussed in the 1965 review wvere cited by hiaz a8
evidence of thermal, and, most interesting, nonthermal or épecific
effects of DMP's, “herefore, it would not be inprulent to expect
that more attention will be paid to the biophysical mechaniems of non-
thermal EMP neural effects than has been in the past, although at
the present* time, there is little evidence to support this expectation,

27
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‘What the purpose is of such intense neurally oriented research
4n the reala of microvaves, by Soviet theoreticiacs and practitioners
18 pot entirely clear to this observer. While Osipov [32] states -
thst therzal intensities &re encountered much less frequently under "~
{ndustrial condiiions cwing to improved hygienic practice, cltateal -**
evaluations of the $otzntial hazards of nonthermal intensities om-
tinue at & stesdy pacs despite his thaory that so-callsd nonthezmal
sffects might vell de "microthermal®,

Sk
:‘l -

Presman [6] speculates that microvaves can de dsveloped into
s valuable tonl Zor evaluating the physical, chewical, and, especially,
molecular properties of tissues. The tharspeutic uses of microvaves -
have been vell established, Cousidering the rapid davelopment of T
laser technology, it seems logical to expect tbat Soviet theoreticians, -« :

researchers, and hygienists vill soon turn their atteation to the Bioe --':5-

logical, and perhaps even neursl, effects of this factor, ' The Soviet: -

use of lasers for ocular surgery is already wvell known (Helnholts Ine .
stitute of Eye Diseases), Recently, the first Soviet report to coue v
to the attontion of this cbserver on the biological effects of ruby - ..
laser radietion ves pudlisaed, Qorodetskiy et al, [s2] descrided
experisents desi to study the laser adsorption characteristics

of dblood, okin, cle tissue, and varicus other asimel organs ad

tissues. MO peural structures werw mentioned, nor had agy of the

suthors? nsmes ever deen noted in comnection with microvave-oriented
diological research, It seems reasonsdle td speculate, hovever, that

the valuadle experience gsthered by microwvave regearchers would readily

lend itseif tO laser prodlens,

Of incidental interest relstive to the possidle ramifications
of microvave research is the recent sanouncement [kO] that s special
bloinformation section has bLeen organized under the aagis o the )
Moacov Board of the Scientific-Technical Society of Radiotechnology
inmeni A. 8. Popcy. The purpose Of this section is t0 study pare~ . -
peychic phencmena; it s couposed of redicsngineers, technologists, )
hypootists, medical doctors, biologists, and physiologlsts, includ-
ing A. S. Presunen, Yu. I. Ksmenskiy, and Yu. A. Xholodov, the three
lsading Soviet spokesnen for the ponthermal effects of microvaves =~
(and magnetic fields) on meural structures, This group held dts = . .~
first meeting on 11 Octoder 1565 to discuss "Some Problems of Pars-- Tt
peychology.” The secticn will proceed to analyze the world liters-
ture on parapsychic phencmens, to record and classify cbserveble
Cases of "spoutanecus” telepatby, and actually coanduct oxperipents

with naturally reproducible telepathic phencwena, Professor
and Doctor of Technical Sciences I, M. Kogan, Chairmea of this Bioin-
formation Section, stated in the snncuncement that, “The ora of sen~
sation coocerning telepathic phenomena is over. There is no need t0
dispute its existence, but rather a need to investigate its paturee”
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